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SI6O INTERFACE USER'S HANDBOOK 


1.9 INTRODUCTION 


1.1 this document is intended prinarily as a concensed explanation of 
whe Atari Home Conputer fenily's serial 1/0 interface (S10). 
It is written for the reader wanting to understand the interface 
from the péripheral's end. For instance, it should help the 
mnon-Atari OEH quoting costs for engineering and production of 


a particular stancard 10 peripheral such as a printer of diskette. 


1.2 Scape 


1/O activity between en Atari Home Computer application and the 
meripheral may be cnalyzed by viewing the passage of information 
through a series of layers, with the application at the central, 
innermost layer, and the peripheral at the outer layer. Each layer 
may be thought of as consisting of the set of knowledge and data 
required to characterize that layer, in erder to insure that layer 
is implemented correctly and works. 


Diagram 1.1 shows these layers. 
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DIAGRAM 1.1 


The scope of this document is confined to detailing the second-to outermost 
layer, the interface bus. For purposes of this document, the SIO and interface 
bus layers are considered to be a cotmon pipeline between the handler and the 
peripheral; all device specificity is contained in the handler and peripheral 
levels, while SIO and the interface bus are transparent to device specific 

Tais is true so long as we are considering peripheral devices 
tnterface efcording to the standards presented here, that 1s, 
ibe or list non-standard uses of the serial interface 


characteristics. 
mzking use of the 
na attempt is cade to desc 
or any of its signals. 
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xception to our device non-specificity rule is in the area ot 
Sctabie device-specific messages over the serial bus. These messepes 
t handlers that 


the ones originating rom Operating Systex residen 
the 510 layer. Tne O/S resident handlers are characterized in the first 
apcendices of the document in order to foster future designs around 


dardized requirements in the cotmon peripherals, the printer and ¢iskette. 


van 1.2 shows a more detailed view of the interface bus layer and its 


ounding layers. 


ELNDLER (DEVICE SPECIFIC) 


MESSAGE PROTOCOL 


| (HON DEVICE SPECIFIC) 
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CONTROL 
| 
| 
PERIPHERAL (DEVICE SPECIFIC) 
DIAGRAM 1.2 
1.3 Goals 


‘The goals of this document are to present in a clear vec terse 
foveat the interface bus layer of serial £/O activity. 
The primary geal 1s to present all the information necessary to guide 


desion of a new but standardized peripheral (standardized to the bus, 
not necessarily to all applications). 


1.4 Houn-Goals - 


1.4.1 This document does not explain use of the interface bus 
driving mechanism, SIO, represented by the SiG layer in Diagrams 
1] and 1.2. Sif0's use nay become a requirement for the 
peripheral designer once he has gotten fo the point of writing 
rest software for the Home Computer System's exercising of his 
peripheral across the interface bus. For information on the S10 


layer the reader is referred to the Operating Sy 


1.4.2 This document does not explain the installation of 
into the system. Use of the neandler layer, and its 
to adjacent layers, is explained in the Operating System User's 

Vanual. , 
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1.4.3 


Another device-specific function not treated in this 
document is uploading of a peripneral’s handler inta 
the CPU memory directly from the peripheral rtself 
through the serial bus. Provisions exist for 
uplcading and cerory management (relocation) of 
handlers directly frem the peripheral's internal . 
ROM storage, obviating the need for additional media 
devices in the system. A standard protocol for doing 
this at systen suitialization tine is not described 
in this document, but will be covered in a follow-up, 
Part If of this document. 


This document is not a Request for Price Quote. It 15 


not a specification for desired features in any pe 


‘device. 
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2.9 


OVERVIEW 


The S10 Interface User's Handbook is organized into three main 
sections. The first two present the two parts of the interface 
layer as they are shown in diagran 1.2. The third part cescribes 
whe intrusion of device specificity into the peripheral designer's 


task. 


In the first section the cechanics, signal descriptions, and 
electrical specifications of the S10 bus are piven. This 
snforuatien will te af prinary interest to the interface 
hardware designer. In the second section, bus protocol is 
explained. The structures of commands, handshakes/ 
acknovledgerents, data, and transaction complete messages are 
deseribed along with flowcharts and tising diagrams illustrating 
their secuence and timing tolerances. This information will be 
of prisary interest to the peripheral firmware designer. 


In the third section, device specific information is defined 
and references are given for finding data about it. 
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ATARI SERTAL 1/0 INTERFACE 


Principles of Operation 


The ATARI personal computers communicate with peripheral devices 
over a 19,209 Baud asynchronous serial bus. The serial port 


consists of a serial DATA OUT (transmission) line, a serial DATA 


IN (receiver) line and other miscelianeous control lines described 
in the serial 1/0 Bus Frotocol section. Data 1s transmitted and 
received as 8 bits of serial data (LSB sent first) preceeded by 

a logic false start bit and succeeded by a logic true stop bit. 


DATA OUT is transmitted as positive logic (+4v = TRUE, Ov = FALSE). 


This section details the mechanics of serial port communications. 
For inforsation about peripheral device operations cn a system 
level, consult the Atari Personal Computer System Operating System 
User's Manual. Pare Il of this document will describe O/S supported 
ways in which non-resident, new device handlers can be added or up- 


loaded into the system. 


Foc inforcation about serial communications that don't conform to 
the 19,200 baud seriai protocol (1.2. the cassette interface) consult 
the Ateri Personal Computer System Hardware Macual. 
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3.7 S10 Connectors 


Connector as seen from side of computer (or peripheral). 
Cable 15 WiTror image. 
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3.7 S10 Connectors 


Cieck in 


Clock Out 


Connector as seen from side of computer (or peripheral). 
Cable 18 Wirror image. 
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3.2 S10 Connectors 


Connector as seen from side of computer (or peripheral). 
Cable 18 Mirror image. 
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Brief Deserip 


tion cf Serial Port Signals ~ +860/44600 


1. CLOCK IN - Not reguired in present serial port protocol. 

Can te used in future synchronous carcaunication 

scnemes. 

> CLOCK OUT- Serial port clock. CLOCK OUT always goes high 
at the start of each DATA OUT data bit, then 

CLOCK OUT recurns fo zero in tne center of the 

DATA OUT bit time. This clock is present only 


during data transmission. 
3. DATA IN ~ 19200 Baud data line to the couputer- 
4. GND - Ground (Digital Cormon. ) 


19200 baud data line from the cocputer. 


5, DATA OUT 


Ground (Digital Comnon.) 


6. GND 


__-—_— 
7 COMMAND - Goes Oo zero when a comnand frame is being sent. 


8. MOTOR CONTROL - “otar Cantrol line for the cassette fape 


recorder. 


———— 
9. PROCEED — hot inplemented im present serial port protecol. 
Donis line may generate (see note 2 below) an 
IRQ interrupt when it goes to zero. 


10. +5/READY 7 turned on and reedy. 


. 7 
mniok 
+ 

Thee 


ares that the corputer is 
estri 


rf ¢ 
sestricted use as a +5 volt Supply. 
11. AUDIO IN -kudia signal from the cossette to the R.F- modulator. 


12, #12 VOLT - 500 mA regulated. 


esent serial port protocol. 


_—_ 
13, INTERRUPT - Not implemented in pr 
(see note 2 below) an IRQ 


This line may generate 
interrupt wnen it goes to zero. 


and 13 have not been utiliz 
d +12 Vdc at 100 mA. Hote t 
{400, but emitted on the zZ800. 


Lines t, 2, 9, 12; 
Line 12 is regulate 
present only on the AdO0 


HOTE 2 


PACTL (Port A control, $D302) 18 related to PROCEED as follows: Bit 
0 is interrupt enable, i= cnable. It is reset st Power-on. 
set when a PROCEED interrupt oceure, and is reset waen PACTL is read. 
PBCTL (part B Controt, sp303) is related Co THTennurr in the sawe 


—anner 28 PACTL ts related to PROCEED. 


ed in standard peripherals. 
hat this voltage rail is. 


Bit 7 1s 


re - 13. 
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3.5 Brief Description of Serial Pore Signals - 2800 
1. 28 VAC - A.C. power provided for 2800 fanily peripherals. 
9 +S5/READY - Indicates that the computer tg turned on and ready. 
Restricted use as a +5 volt supply. 
3. GND - Ground (Digital Coomon) 
4. CLOCK OUT - Serial port clock. CLOCK OUT always goes high 
at the start of each DATA OUT data bit, then 
CLOCK OUT returns to zero in the center of the 
DATA OUT bit time. This clock 15 present only 
during data transmission. 
5. DATA IN - 19200 Baud data line to the computer. 
6. PROCEED - Not implemented in present serial port protocol. 
This line cay generate an IRQ interrupt when it goes 
to zero. See note, Sec. 3.3 
7. PrRRON - Output from Z500 to peripherals. [It causes any device 
so designed to respond to power=p and initialize. 
g. AUDIO — AUDIO Signal from the casette. 
9. 28 VAC RETURN - Return pin complementing pin i. 
10. GND - Digital common. 
11. CLOCK IN - Not required in present serial port protocel. 
Can be used in future synchronous cocmunication 
schemes. 
12. DATA OUT - 19200 Baud line from the conputer. 
13. INTERRUPT - Not implemented in present serial port protocol. 


14, 


15. 


This line may generate an IRQ interrupt when it 
goes to zero. see note 2, Sec. 3.3 


COMMAND - Coes to zero when a command frame is being sent. 


MOTOR CONTROL — Motor Control line for the cassette tape 
recorder. | . 
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3.6 SIO ELECTRICAL SPECIFICATIONS FOR PERIPHERALS 


DC CHARACTERISTICS 


| MIN. T NOMINAL | MAX. | UNITS | 
| | 


| Peripheral Inputs 


Signal Names: 
Bata Out (Pin 5) 
Command (Pin 7) 
Clock Out (Pin 2) 


Vry Input High Voltage 2.0 Yee VOLTS 
Ing Input High Current 

@ 2 Vi 
Viz Input Low Voltage 0 0.8 VOLTS 
Itz Input Low Current -50 yA 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


"7 
i= 


| 
| 
| 
| 
| 
| 
[ +40 
| 
| 
| 
| 
| 


ce | Oe ee ee eee 


Peripheral Outputs 


| | 
Signal Names: | | | | 
Data In (Pin 3) | | 
Proceed (Pin 9) | | | ! 

| | 


Interrupt (Pin 13) 


| 
| 
| 
| 
| 
| 
| 
| 
| 
@ .8 Voy 
| 
| 
| 
| 
| 
| 
| 
| 


SNe re 


Von Output High Voltage | 3.0 : ! Yeo ! VOLTS 
Ionq Output High Current | +30 LA 
@ 3 Your | 7 
Vo, Output Low Voltage | a) | | 0.4 | VOLTS 
Ip, Output Lew Current | +1.1 | ! 41.2 ! mA 

| | | 


| 
| @.4 YOUT 





NOTES: 1. Negative current indicates current flow out of the specified 
terminal, (sourcing). Positive current indicates current sinking. 


2. All specifications of maximum current based on a maximum of 12 


peripherals on the bus with the exception of the Motor Control line 
which allows for use by a maximum of four program recorders. 


-~li- 


DC CHARACTERISTICS (CONTINUED) 





NOMINAL MAX, | 
BI-DIRECTIONAL “CLOCK LIN“ 
(Pin 1) 





Peripheral Output to “Clock In” 


YVoq Output High Voltage 2.6 Vec VOLTS 
Ing Output High Current 

Vor, Output Low Voltage Q 0.4 VOLTS 
Tor Output Low Current +1.0 mA 


ey ee ee ee eee 


| 
| 
| 
| 
| 
+0.8 | mA 
| 
| 
| 
| 
| 


—— ee eee 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


Peripheral Input from 


“Clock In” | | | | 
| | | | 

VI. Input Low Voltage 0 | 0.8 | VOLTS 
| | | | 

Ith Input Low Current | | -50 | A 
@ .8 Vin | | | | 
| | | 

Vrq Input High Voltage | 2.0 | | Vee | VOLTS 

| | | 

Ity Input High Current | | +40 | A 

| | | | 


+5V/Ready Input (Pin 10) | | 


| | | 

Vig Input High Voltage | 2.0 | | Vee | VOLTS 
| | | 

Irq Input High Current | | 41.0. | mA, 
@5.2 Vrq | | | 
| | | 

Viz, Input Low Voltage | 0 | | 0.4 | VOLTS 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
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DC CHARACTERISTICS (CONTINUED) 


| MIN. NOMINAL MAX, UNITS | 
| Moter Contrel Input (Pin 8) 
| | | | 
Vig Input "ON" Voltage | 4.55 | 4.95 | VOLTS 
| | | 
Ity Input “ON” Current | | | +15 | mA 
@ 4.95 Vriy (See note 2) | | | | 
| 
Viz Input Voltage Low | | | 0.3 | VOLTS 
| | | 
Ith Input Current Low | | 40.9 | mA 
| | | 





| | | | 
Voltage } 611.5 J 12 | 12.5 | VOLTS 
| | 
Current available to each | f 40 | mA 
peripheral | | | 
| | | | 
AC CHARACTERISTICS 
| MIN. NOMINAL MAX, UNITS | 
| Digital Signal Lines: | 
Peripheral Input- "Data Out" | | | | | 
| Peripheral Output- “Data In” | | | 
| | | | | | 
| Tat Data Transfer Rate | [| 19.2 | | K Baud | 
| | | | 
t Pulse Width | | 52 | Ss | 
, | ! | | ! 
tr Rise Tine | 13 | 16 | 19 | 5 | 
| | | 
Clock Lines: Clock In | | 
Clock Out | | | | 
| | | 
tp Pulse Width f = 20 | S 
| | | | 
tr Rise Time 13 16 13 S 
| | 


Peripheral Output | | 


Signal Name: Audio In 


(Pin 11) 
Anplitude - Into 6K ohm Load 
Zin Computer Input OK OHMS 


Inpedence 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
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&£.0 BUS PROTOCOL 


4.1 


4.2 


Ao} 


4.4 


Bus Operation Overview 
Bus Cocmands 
Bus Frame 


Bus Timing 
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4.0 BUS PROTOCOL 
4.1 Bus Operation Overview 
4.2 Bus Cocnands 
4.3 Bus Frane 


4.4 Bus Tiwing 
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Zug Cperations Overview 


The bus protocol specifies that all cocands must originate 
fron the computer, and that peripherals will present data on 
the bus only when commanded to. Every bus operation will go 
to completion before another bus operation 3g initiated (no 
overlap}. An error detected at any point in the command 
sequence will abort the entire sequence. Tne serial bus 
protocol provides for three types of coceaands: 1) data send, 
2) data receive and 3) immediate (no data ~~ command only): 


A bus operation consists of the following elenents: 


Comeand frame from the couputer. 

Acknowledgement (ACK) from the peripheral. 
Optional data frame [tO of from the computer. 
Operation complete (COMPLETE) from the peripheral. 


operation complete 


Hote that in the data receive type of operation, 
ta frame 1s sent 


(COMPLETE) is sent from the peripheral before the da 
fron the peripheral to the computer. 


Cormand Frame 


is a cocmon element in all three operation types, a command 


There 
sent from the computer 


irene consisting of five bytes of informaticn 


shite the COMMAND iine ts held tow. The format of the eomeand frane 


ee 


is snown below: 


device I.D 
comnand 
auxilliary #2 


checksum 


| 
| 
| 
| 
| 
| 
| 


| 
| 
| 
| 
| 


een 
The device I.D. specifies which of the serial bus devices is being 
addressed (see Appendix C for a list of device I.D.s). 


The comuand byte contains a device dependent command (see Appendix 


C for a bist of device comnandsr). 


—— 
— 


The auxilliary bytes contain more device dependent information. 


acksum byte contains the arithmetic sus 
(vith the carry adced back after every 2 
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COMMAND FRAME ACENOWLEDCE 


The perisheral being addressed would normally respond ta 4 cocmand frame 
by sending an ACK byte ($41) to the computer; if there is a checksum 
problem with the comnand frame, the peripheral should not respond. 

The following page shows a flewehart for the peripheral's command frame 
processing. all operation types conform to the command frame structure 
wnat happens after the command frame is successfully processed 
is being specified by the comand. This 

is indicated by the A/B/C designation at the end of the flowchart. Flows 


charts for each of the three tyres of operations ("A", "RB", ‘co") are given 
in the following paragraphs deseriding the data frame structure. All 
three types of operation are zlso shown after their flowcharts by means 

of timing diagrams, which show the entire operation, including the coomand 


frame part of Che operation. Actually timings for the tx parameters are 


given in section 4.4 on Bus Tizing. 
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PESTPHEPAL'S COMMAND FRAME PROCESSING 
i 


LDLE 


GALT FOR | 

HIGH TO LOW | 

TRANSITION | 

ON COMMAND- |- 

a 
| 


=e 
GET NEXT 3 











| 
- | 
| 
| | | 
| BYTES ON { TIME ouT 
| THE BUS ! 
| 
| 
| | 
| WALT FOR. | 
| COMMAND- | 
| to GO HIGH | f 
| | | 
| 
Is 
CHECKSUM NO | 
OK? | 
| 
| YES 
| 
THIS | 
DEVICE? HO | 
| YES 
| | | 
VALID NO [ SEND NAK | 
COMMAND? | | 
| 
| YES | 
| | 
VALID no | 
AUX DATA? 
| . . 
| | EXECUTE DATA 
SEND, RECEIVE, 
| SEND ACK | A/B/C OR IMMEDIATE 
| | PROCESS. 
4 t 
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4.3 Data Frame 
Following the comand fFeame (and ACK) way be an optional data 
frame wnicn 15 formatted as shown below: 


a 


| 
gata | 


| 
TT 
checksum | 

| 


| 
| 
| 
| 
| 
| 
| 


i 


This data frame may originate at the computer or at the device controller, 


depending upon the command. 


the data frame 3s the arithmetic sua of all of the 
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4.4 BUS TIMING 
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APPEROIX <A 


THE PRINTER HANDLER CHARACTERIZATION 


A sizple 0/S resident handler exists for cocaon suppert of all ATARI 


hard-copy seripnerals. Characterization of thi 
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PRINTER COMMANDS 
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APPENDIA B 


TIE DISK DALVE 


Tne controller serial bus I.D.s range fron $31 (for 'Di') to $34 
(for 'D4*). 


Tre controller supports the following S10 commands. 
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GET STATUS 


e conputers sends a ¢tcrumend frame of the format shown below: 


bevice 1.DB. = $3 —34. 

Cennand byte = $53. 
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The controller receives a command frame containing the following information: 
Device I.D. = $31-34. 


Comaand byte = $50. 
Auxiliary 1 = sector number (1isb). 


Auxiliary 2 = sector number (msb). 
Comnand frame checksum. 
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Put Sector (Cont') 
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Device L.D. = $31-34. 
Comiand byte = 937. 


Auxiligzry 1. = low byte of sector nuagber. 
Auxiliary 2 high byte of sector nuaber (1-720). 
Checkse2 = checksum of bytes above. 


The computer sends a data frame of the format shown below: 


128 data dDytes. 
Checksum byte. 
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Device 1.0 = £31-34 

Ceorcend byte = fa2.° 

Auxilliaery 1 = low byte of sector number. ._.— 
Auxilliary 2 = high byte of sector number (1- -720). 
Checksua = checksum of bytes above. 


The disk controller sends a data frame of the format shown below: 
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Checksua byte. 
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Sarial bus device I.D.6 


Floppy disks Di -BS $31-34 

Printer rl S40 

RS -252-C P2 S&F 
RI-R4 $50-53 


Cerial bus Control codes 
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HAK S4— ('N') 
COMPLETE $43 C'C*) 
ERR S45 ('E") 


Serial bus command codes 


READ 
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STATUS 
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TCRMAT 
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Printer/Disk 
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